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CACH TINH DUNG DAN KHUNG SIEU TINH
 PHANG THEO THUAT TOAN TRUYEN ANH
HUONG CACH NUT (TAHCN)

: : “Nganh chuven mon 1902 — Co hoce két cfu,

Ban i4m tit ndi dung Indn &n bdo v¢ hoe vi
Pho tien st kboa hoe k¥ thuat,
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Coéng trink nay deoc Lodn thanh & Bo mén Cu hoc
K&t Cdu Trieong Pai hoe XAy dung Ha ndi.
Ngirri nhan x¢f ludn 4n:

1. .
2.
Co gquan nhan xét ludn &N B ;

Bin tom il néi dung luan an di dwoe gui di
ngiv oo thang. . ndm 19

Thoi gian bio vé ludn an troge hoi dong chitm luan
41 nhA NUEE .. GO oo DAV thang . pim 19,

€4 thd tim doc ludn an lad

1. Thir vien Truong dai hoe Xay dyng.

9. Phong thi nghiém cong trink trwimg Dai hoe Nay
durg & nhi Gy truimg dai hoe Bich Khoa Ha-noi.



Hién dyi hoéa tinh toiu két ciu nbdm st dung may
tinh dién tir 1a mot phwong hwong pbat tridn tdt yéu
ctia nganh co koe két cin.

Song irong hodn ecanh nuwoc la kicn nay, vide st
dung may tinh dién tor gidp nhidu khé khin vi chua
phéi 12 d8 dwgcphd bifin khiip moi noi. Song song voi
viécdimg may tinh dién tik, ta con phai ding dén cic cdng
cu tinh don gilin d& tinh két cdu nhét 1a & cde co guan
thi€t k& & cac dia phwong. Trong dién kién do, don gidn
hoa phieong phap tinh két ciiu nham gidm hot mot cach
dang k& chi phi lao ddng cha ngwoi thitt k¢ ¢ moty
nghta quan trong.

Vot rane dich trén, tic gid ludn an néa lén mét so
cach tinh nhanh ap dung cho he khung lién tuc va he
khitng nhidu tAng di dwoc ding phd htén trong cac nha
cong nghiép va nha dan duns & nuréoc ta,

Luin &n gom phian md diu, 3 chuong, 1 phu fuc va
phiin k& lndn chung.

\.

Chuong I wink bay phian 16ng quan vé ik hinh phat
tritn ¢a- phwong phap tinh khiwng siéu tinh, Tae gid Jicm
qua cac phwong phip o ban:

-~ Cae phuong phap iinh chinh xace (phuong phip
e, phuong phép chuy®n vi, vv...).



.

— Cac phwong phép tinh ding din (phwong phéap
cua H.Cross, phuong phéap ctia G.Kani),

Tac gid d4c biét chi ¥ phan tich wu khuy€t di¢m caa
cac phwong phap tinh ding din 14 cac phwong phép
a3 dugc dung phd bign vi tinh chit don gidn, tién loi va,
thye dung cta chung,

Nhirng viin dé t6n tai co thé tom tit nhu sau.

Thuét toan cia H.Cross: ‘ '

— Vi céc dai lwong cin tim 1a cac gid tri momen tai cac
diu thanh nén s6 an tai mdbi nut it nhit bing 2 (cé bao
rhidu thanh quy ty, c6 bao nhiéu An). Hon nita, ta
phailin luot « m&» va «dong» toan bo céc nut nén
khdi lwgng tinh trong mét chu trinh twong ddi 1on. ‘

— Hé s8 truyén chwa di bé nén tdc d¢ hoitu chwa
nhanh, -

— H.Cross chi moi d& cap dén khai niém phan phoi
momen, chua dé cfp: khai niém phan phdi luc dé giai
bai toan nut chi co mot chuydn vi théng ; khai nidm vira
phan phdi momen vira phan phdi lwc @& gidi bai todn
nit vira ¢o chuyén vi xoay vira co chuyén vi thiing, .

Thuat todn cta G.Kani: .

— Vicde dai lwgng clin tim 14 cde gia tri mémen do
chuyén vi xoay va cdc gia tri mémen do chuyén vi
thiing (néu ¢6) nén s6 An tai mi nut it nhit bing 2. Hon
nira, ta phaj 14n hrot phan phdi mémen cho toan bo cac
nit nén khoi lugng tinh trong mot chu trinh twong
dsi lon.

— Hé 56 phan phol chuwa dibé nén tée 49 hoity chua
nhunh.
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— Toc¢ d¢ hoi tu cang cham khi do cing cta cot cang
1on hon dd cirng clia xa (truong hop mis ¢é chuyén vi
théing). -

Xuft phat tir cac v&n d@ ton tal trén ddy, tic gid
nghién ciru mot thuat toan nham giai quyet 2 viin dé co
ban:

— Gidm bot mot cich dang k& s8 3n trong qua trinh
gidi hé phuwong trinh.

- Ting nhanh tde &0 hoi tu wrong qua trinh tinh 1&p
don gian. '

Trén co 8§ van dung, md rong nguyén i phin phdi
momen cha H.Cross va 4p dung thudt «md», « dong»
dong thoi mot tdp hop nut qua 2 chu trinh bt ky liém
tifp, tic gih x4y dung thujt toan truyén anh hubng cach
niit (TAHCN) bifu thi qua hé phuong trinh dai s6 tuyén
tinh c6 dang tdng quat sau day:

X, Y = omn X, Y (1)
=12 3... m=0,1,2 3.

Trong do: X;™, XM *Y — gid tri cla nghi¢m X; &
chu trinh tinh toan tht m va tha m - 1.
T — hé s phu.
b; — s0 hang tr do.
Hé phuong trinh (I) duoc gidi theo phuong phap
tinh lip don gian. No thdéa min cic dicu kién sau day:

S§ an X; it 5
gl <<t} @)

Pitn kién (2) tat y&u ddn dién kEL gua: khol luong
tinh trong mot chu trink lwong d6i it va 1be 4o Bl tu
nhanh trong qua trinb tinh lip don gian.
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Chueony 11 trinh ba) cach tinh dang din hé khung
lien tuc theo thuat todn TAHCN. Chwong nay gom 3 ti&t
2 phin k&t ludn.

Ti&t §I trinh bay cach tinh h¢ khung lién tuc gdm cac
niit cirng vé che xa ngang thfing (cic phan tir chia khung
ddu ¢6 d¢ cirng thay doij. Trén co sé nghién cun quy
lugt phan phdi, truyén mo men trén mol phin tie md
rong gom 3 nut 1ién nhau va ap dung thuat ¢ mé », cdéng»
ddng thoi mot tap hop nit qua 2 chu trinh bat ky lién
tiép, tac gid thanh lap hé phwong trinh dai sd tuyén tinh
(I). Trong do:

X, X, — M6 men khong cin biing tai cde nuti va k.

Y,; — h¢ s0 truyén dnh hudng tr mo men khong cén
biivg tal nit k-(chu trinh thir m) d€n mo6 men khong
can biing tai nut i (chu trinh thi m 4 1).

Cac nut k va i (cAch nhau 4 nhip) goi ld cac nut
chinh, Cac nut c¢on lai goi 14 c¢ac nit phu va cae nut
trung gian. Sau khi tim dwoc gia tri téng mo men
khong can biing tich 1y tai cic nut chinh biing céch
gidi hé phuong trinh (I) theo phwong phip tinh lip don
gidn, dwga vio cac cong thiee dd duwoce néu, ta tinh gia
tri t6ng mo men khong can bing tich liy tai cac nut
phu, cdc nut trung gian v cubi cing tinh gia tri mo
men toi ¢ie diu thanh quy tu tai cde nut.

Vin dé chon vitri hop ly cha cdc nut chinh cling
dd duge tie gia dé cap dén.

Tidt §2 Trinh bity céch tinh hé khung lien tuc gom cac
nitla khop v gdm cie xaocong holie gy khie {(cac
_phiin tk cia kbhung déu ¢o do cung thay doij. Thudt todn
& day ¢o6 thé say ra tiv thudt toan di duge lrink bay

.
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trong tiét §1. Sw khac nhau 1a & chd dé cirng chdng
xoay di dwgce thay bing do cirng chdng trwot va mé
men khong can bfing d& dwoc thay biing lyc khong can
biing. Trong trudmng hop nay, c6 hé phwong trinh (I)
trong do :

X; Xy — Luc khong cidn bing tai cac nuti va k.

Tyi — Hé s8 truvén anh hwdng twr lyye khong can biing
tai ntt k (chu trinh the m) d&n lyc khong can bing
tai nut i (c¢ho trinh thd m -+ 1).

Céce nat k va i (cach nhaua 4 ulip) goi la céc nit chinh,
cic nut con lai goila cdc nut phu va céc nat trung gian.
Sau khi tim dwec gia tri tdng luc khong cén bing, tich
1y tai cdc nut chinh biing cach giai h¢ phwong trinh
() theo phuong phap tinh 1dp don gidn, dwa vao cic
cong thire di dwoc néu, ta tinh gia tri téng luc khong
cin biing tich 1fy tai cdc nut phuy, cAc nut trung gian
vi cudi cuing tinh gia tri lwe tai cac dau mat clia cic
phin t& quy tu tai cdc nat (khop).

Tiét §3 Trinh bay céch tinh h¢ kbung lién tuc gBm cac
niit cirng V& cac xa cong hodc gy khiic (cac phin it ctia
khung déu ¢6 do cirng thay ddi). Tréun co sd nghién cuu
quy lnat phan phb’l truyén m6 men vitlyc {rénmot phin
it co ban, tdc gla thanh 14p cic cong thwe phan phdi
md men, ixuyen mo men v cac cong thire ph(m phoi
lyc, truyén lyc. O diy, Anh hudng luong B gifta mo
men va lye di duoe xét dén. Dong tholi, khad nicm via
phan phdi mé men vira phan phdi lwe di duoc de cap
deén trong khi gind bai todn nut vira ¢6 chuyén vi xoay
vira ¢o chuyén vi thing. -

Ap dung thuat «améy va «éonﬁ» dony tlml maot t(‘ap Lop

qua 2 chu trihh bt k¢ lign tifp, idc g¢ia xdy dung
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thudt toan TAHCN qua hé phuwong trinh dai 30 tuyén
tinh (I) trong do6:

;. X, — Mo men khong can biing hofic lic khdng
cian biing tai cac nut iva k.

Vi — Hé s8 truyén anh hudng:

— T& mo men khong cAn bing tai nat k (chu irinh
therm) dén mo men-khong can bang tai nut i (chu trirh
thia m - 1) hodc

- T lue khong cin bing tai niat l\ (chu trinh th@ m)

dén md men khong can bang tai nat i(chu trinh thi
m -+ 1) hodc

— Tirm> men khong can bing tai nut k (chu trinh
thiv m1) dé€n lwe khong can béng tai nat i (chu trinh th
m -+ 1) hoac :

— Fee hre khong c¢an biing tai nit k (chu trinh thit m)
d&n lyc k‘hfmg can bing tai mit i (chu trinh tha m + 1).

Cac nut k va i(cach nhau 2 nhip) goi 1a cac nit chinb,
2ée nut eon lai goi la cac mit phy. Sau khi tim dwgce gid
tri cac noi lwc khdng cn bing (m6 men khong can bang
4 lre khong cdn biing) tai cac nut chinh biing céach giai
¢ phwong irinh (1) theo phwong phap tinh lip don
gian, dya vao cac cong thive dil dwge nén, ta tinh gid
{ri cae ndi lue khong can béng tal cac nit phu va cudi
cang tinh gid tri noéi lue tai cac diu mut cfia cac phén
tir quy tu tai cac nat. Cudi tiét §3, tac gid dé cip dén
viy @8 chon vi tri hop I¥v ctia cdc mit chinh. Bong thoi,
neu en ot s comg thive nhittm so sanh khdi luong
tinh toan theo thuat todn cda tde gia voi kho kegng tink
todn theo thuft todn ciie phwong phap khae. 3 thi dg
linh todn 48 dwee trinh bay nhdm thuyét minh trinh tig
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tinhtoan va chieng minh tinh chit wru viét cfia thuat toan -
do tac gih ki€n nghi.

Két luan chuong hai:

1. Thuat toan TAHCN mo men khong cAn biing, luc
khong can bing, mo6 men khong can bing va luc khoéng
can bing bidu thi qua hé phwong trinh dai s8 tuyén tink
(1) ¢o thé ap dung cho cac hé khung lién tuc sau day:

— Hé khung véi nut cieng va xa théng.

— Hé khung voinut 14 khop vaxa cong hodc gy khuc

— Hé khung voi nat cing va xa cong hodc giy khic.

9. Loi ich cla thult toan:

— S6 4n gidm kha nhidu. :

— T6c do hoi tu nhanh dic biét tfrong trudmng hop
khung néu & cac ti€t §1, §2.

— Tuy khdi lwgng tinh phu co ting 1&n (irudng hop
khung néu trong tiét §3) song tac gid dd chung minh
duoc 12“1ng tdng khoi lwong tinh toan gidm bot mHt cach
dang k& (vao khoéng tir 409 dén 70%) dic biét khi phai
tinh noi luc nhidu 1in dwoi tac dung cla nhidu t8 hop
thitrong khac nhau.

Chirong TI1 trinh bay sy mé rong thuat toan TAHCN
c¢ho hé Lhunq nhiéun ting.

Chuong Da gdm'4 tit va phin ket luan
Tigt §1 trinh bay thuat toan TAHCN mé men khong

¢in biing (cac nut chinh cich nhau 4 uhip) mé rong cho
hé khung nhiu ting 1 nhip ddi xing chiu cac tai trong

phin d8i xtng bt ki (cac phin tir cia khunﬂ dtu co do
cirng thay déﬁ) -

Tidt §2 trinh bay thuat toan FXHCJ mé mern kh(mﬁ
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cdn bang (cac nit chind cich nhau hai nhip) &p dung
¢ho hé khung nhiéu ting nhiéu nhip v&i nat khéng co
chuy&n vi thing (cdc phén ti cha Khung déu co d¢ cirng
thay ddi).

Tidt §3 trinh bay cach tinh gin ding chuyv¥n vi thng
cha hé khung nhidu tirg nhidu nhip véi mit co chuyén
vi thiing (cic phiin t& clia kbung dén c¢6 d6 cirng thay
@bi). Tinh giin ding chnyén vi théng cha hé khung nhi€n
ting nhidu nhip co the gidi quyét 2 vin a8

-- Kidm tra d¢ cirng trén phuong ngang cha hé.

-~ Tang nhanh mol cich ding ke tde do hoi tu trong
qué teinh gidi pof lue cha hé khung nhitu ting nhigu
nhip véi nit ¢6 chuyén vi thiing biing phwong phap tinh
Ygp.

Dia vio gid thiél gin dung 1 toan bd-cac nut trén
cung mot sin d8u xoay nhitng goc bdrg rhau, tac gid
drea bii toan phire tap v& bai toan don giin (khung I
ukhip nkidy ting) o ap dung thuat todn TAHCNmoO6 men
khong can bang ¢ dwoe trinh bay trong tiét §1 chuong
har.

T §4 Leind hay ciel tinh lip 4 giad n6i lwe ca hé
klung phigu targ nbidu nhip véi ntt ¢6 chuyén vi thiing
(Lie phan 11 cha khung d8u co 46 ctng thay @8i). Theo
céeh linh niy, moL vong tinh 1ip bao 30m 2 giai dogn:

—~ Gini doan phau phii momen do chuvdn vi thing
Lrong doi gin ding cho ede edty Mdnwen o chuydn vi
thing twong 4ol gin ding tinh theo eie congthire da

dwoc néu trong HEE §2
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— Giai doan phan phdi mémen do chuyda o xosny
tho cac nitt (Ap dnng thuit toan TAHCN) momen khong
cAn biing dd dwee trink bay trong tiét § 2)

2, Giai doan nay duvec 1i€n hanh liu liegt va xen k8
cho d&n khi ndo cae didn kién cin biing nat va cac dién
kién c&n biing ting dBu dugce thda min,

4 Thi du tinh todn 44 dwoc trinh bay nhim thayét
minh trinh; {1y tinh todn va chivng minh tinh chit wu viét
clia thudt toan do tac gid ki€n nghi.

K¢t fudn chwong ha e

L "Thudt toan TAHCN mawmen khong cdn biing bidu thi
qua hé plhirong trinh (1) c6 th® m& rong cho khung
nhigu 3ng [ nhip d6i xieng chiu tai trong phiin d8i xtrng
biit ky, khung nhicu tiing nhi¢u nhip véi nit ¢6 chuydn
vi thing (bai toiin tim chuyén vi thiing trong ddi gin
ding et cae ¢ol). Du diém cfia thudl toan nhw d& trinh
bay trong U& § 1 chwrong hai.

2. Thudt todn TAHUN mémen khang ein bhing (cace
nil chinh cdchphar2 nhip) ¢d thé fip dung ¢ho hé khung
nhitu Ling nhidu nhip véi nit khong co chuydn vi
thing. Theo cich tinhnay, s8 dn giiim 309, to¢ dé hoi
tu trong ddi nhanh.

A Cdeh tinh g@n ding teinh bav lrong L& § 3 cho

- - 2 3 e
ket qua M = M‘ CTrong da -

2 - . - ’ . o .

,\lgd - omomen cia ot trng vol chitven v thing Lirong

du ditng (linh theo cac cong thire néu brang et §3)

doi
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A
M~ momén cha el g voi chuyén vi thing tuong

81 thue t€ (tinh theo phwong phap chinh xéc).

~ ar A s . . -

Niu 1y Mgd lam gid tri mé men xuit phat a8 iinh
ndi lize ctia khung nhiéu ting nhidu nhip voi nit co
chuyén vi thing, c6 thd gidm b= th4 - hidu s3 vorg
tilxh lip nhilt 12 khi d¢ cita, cha ¢t ion hon d¢ cung
ciim xa kha nhigu.

PHE U
Cac bing phu fue trinh bay cie cong thie tinh do
ciing ¢héng soay va do ctrng chéng trirot cho cac phin
iir ¢6 dang thanh cong ho#ic thanh gy khiic ohim phuc
vi1 cho viéc tinh noi Iire cda hé khang lién tuc.

KIFE BUAN CHUNG:

{. Nwit phat tie ngayen Iy phan phdi md men cha H.
Cross, 1ac gid xay dung thudt todn TAHCN va md rong
ngayén Iy 46 cho tradmg hop nit chicod 1 chuy®n vi*hing
(phan phii lwe) va truéng hop it vir- ¢6 chnyén vi
soay vira ¢6 chuyén vi thing (vir: phi.. phdiwd e

st phan phoibore).
,

9. Vi ieh etia thuat toan TALCN hidw thi qua he
phrong trind doj 88 tuyén tinh () nhr sao

~— 8 &n gidm kha nhitu do trang Huil loan chi xeét
déy dida kien chn biing cla mot 86 pot chinh (cac el
eon Ini e dong ean biing).

o GRS Tuy L AT ehn cae e s plia (089 triven duh
[ 1 ; A
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huéng cach niiy 7 khd nhd so v&i don i, de do t6¢
a4 hoi tu nhanh khi gidi theo phiwong phép tinh 18p don
gian.

-~ Tuy khél liegng link pha eé Ging 1én song Lic gif 43
¢hirng minh dwge riing tdng khéi lwong tinh todn giim
bot kha nhidn (vao khofing tir 409 d&n 709%) nhit 1a
khi ph#i ien hanh tinh noi lue nhiu lin dudi tac dung
clin nhicn 16 hop thi trong khic nhau.

5. Cée each tinh trinh bay trong lugn an d&u co 4o
chinh sac ding tin cdy. Hon nita, ¢ chinh-xéac ¢6 the
théa win lity theo ¥ mudn efn nguoi tinh két cdu.

i, Thudl tuin che téc gik co thE md rong cho cée
tricong hop phive lap sau diy:

—Hé Klung hhang gian woug @6 cé nhitng phiin i
dirge xem nhw chi chin xoin, Lie 4o, bai toan kKhong
gian ¢0 (hd dra vé bad lodn phiing.

—— F¢ Khung FHen tge rong 46 mdoi nil ¢6 3 thanh
-phiin chuyén ¥i (do sir lin ciio n@o mong, do s bign
Ihien 1hidl do Todie do kKhung va mong cimg lam vice
tren neén dan W6 :

-— Chuvdn vi xony,

- Chuyén vi thing treén phweng nfim ngang,

S~ Chuyen vi (hitng vén phuorong thiing dung.
h ! g & S [

o kha niing thanh Lap hé phuwong (rinh (1) trong do
¢6 3 load fin: mémen kboug can biing. hre khéng. can
Biing tréu phirony nim ngang, lee Khong can bang
Irén phuong thing deng. ,
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\w d,gulg co lidn quai 8 ludn an a8 v 88 duworoy
¥ . .
cfing hd trong cic tap ¢t sawddyse -

,1. Vi nhw Ciu, « Phwrong phip frugén nhay nol
women Khong cAn' bing dp dung, cho h¢ Xbnug phing
lien tucs. Iap chi«¢ C(r hoc» 80 3,4 nim 1970,

2. Vit nhur Cav, € lmh gim dung ‘chuy®n ¥i'thiing cia
he khung nhidu ting nhidu nhlp theo thuit rodn truyén

nhiy mit momen H]On;, can biing ». Tﬂ]"i ¢hi €& hoe
nim 1980,

¢

CAGH 1IXH DUXG DAY\ KHUNXG SIEU TINH PHANG THEO
THUAT TOI\N TRUYEN ANH HUONG CACH NF T (TATICNY
1o 108e kh$ 13> 4. Tgi \umna in hu'un,g }nn ho(
vong thamg 1 nfioy [uRi,

Ly dung
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